We combine nine previously proposed measures to construct an index of political polarization among US adults. We find that the growth in polarization in recent years is largest for the demographic groups least likely to use the internet and social media. For example, our overall index and eight of the nine individual measures show greater increases for those older than 75 than for those aged 18-39. These facts argue against the hypothesis that the internet is a primary driver of rising political polarization.
calls social media "one of our biggest problems" and notes that "so long as we are all immersed in a constant stream of unbelievable outrages perpetrated by the other side, I don't see how we can ever trust each other and work together again." Discussing the role of social media in the 2016 election, President Barack Obama said "the capacity to disseminate misinformation, wild conspiracy theories, to paint the opposition in wildly negative light without any rebuttal-that has accelerated in ways that much more sharply polarize the electorate and make it very difficult to have a common conversation" (Remnick 2016) .
In this paper, we use survey data to study how trends in political polarization relate to respondents' propensities to obtain news or information online or from social media. Using data from the American National Election Study, we compute nine measures of political polarization that have been proposed in past work and that have increased in recent years. Examples include the affect polarization measure of Iyengar et al. (2012) and the straight-ticket voting measure used in Hetherington (2001) . We do not take a stand on whether polarization is increasing (Fiorina et al. 2010; Stein 2016 ) or on how polarization should be conceptualized (Fiorina and Abrams 2014) .
Instead, we start with the measures others have put forward as evidence of rising polarization and ask whether demographic differences in these measures are consistent with an important role for the internet and social media.
We divide respondents according to demographics that predict internet and social media use.
The main predictor we focus on is age. Internet and social media usage rates are far higher among the young than the old-with less than 20 percent of those aged 75 years and older using social media in 2012, as compared to 80 percent of those aged 18-39. We also construct an index of predicted internet use based on a broader set of demographics.
We find that the increase in polarization is largest among the groups least likely to use the internet and social media. A normalized index of our nine polarization measures increases by 0.18 index points overall between 1996 and 2012. Among respondents aged 75 and older, the increase is 0.38 index points, whereas for adults under age 40, the increase is 0.05 index points.
Across intermediate age groups, the growth in polarization is consistently higher among older respondents. Polarization increases more for the old than the young in eight of the nine individual measures. A similar pattern emerges for groups of respondents divided by our broader index of predicted internet use.
These findings argue against the hypothesis that the internet in general or social media in particular are the main drivers of increasing polarization. Any such explanation needs to account for the rapid increase in polarization among those with limited internet use and negligible use of social media. However, it is possible to construct such accounts. It may be that social media increases polarization among the young while some other factor increases it among the old. It may be that there are spillovers across demographic groups; young adults polarized through social media might in turn affect the views of older adults or might indirectly influence older adults through channels like the selection of politicians or the endogenous positioning of traditional media. Our evidence, nevertheless, rules out what seem like the most straightforward accounts linking the growth in polarization to the internet.
Much of the empirical evidence on the role of the internet and social media in polarization focuses on segregation of users across information sources or social networks (e.g., Adamic and Glance 2005; Gentzkow and Shapiro 2011; An et al. 2014; Bakshy et al. 2015; Halberstam and Knight 2016) . Some work looks directly at online activity and political attitudes. Barbera (2015) finds that, over the course of a year, the average Twitter user who follows at least one political account becomes slightly more moderate with "exposure to political diversity on social media [having] a positive effect on political moderation" in Germany, Spain, and the US. Liang and Nordin (2012) find that high-speed internet access increases online news consumption but has little to no impact on political attitudes, while Davis and Dunaway (2016) suggest the relationship between internet and polarization is mixed, possibly only impacting those with high levels of engagement with news and politics. Using quasi-random variation in broadband internet access due to state-level, right-of-way legislation, Lelkes et al. (2015) argue "that the new media environment exacerbates already rising tensions." We contribute to the literature by documenting new evidence on how broad trends in polarization differ across groups with high and low exposure to sources of online information.
The remainder of the paper is organized as follows. Section 2 describes the data and defines the polarization measures, section 3 discusses the trends observed across the polarization measures, and section 4 concludes. 
Data and measures of polarization

Measures of political polarization
We collect nine measures of polarization that have been used in prior work and have increased in recent years. In each case, we try to reconstruct the measures exactly as proposed in past work and only intentionally deviate where explicitly stated.
Let S t denote the set of all face-to-face survey respondents in year t who have a valid response for their age. 6 Let P i denote a 7-point measure of individual i's party from strong Democrat (-3) to Independent (0) to strong Republican (3), and B i denote a 7-point measure of individual i's ideological affiliation from strong liberal (-3) to moderate (0) to strong conservative (3). 7 Throughout, we 7, 2012 -Civic Engagement" (Pew Research Center 2005 2008; 2011; 2012) . These surveys ask respondents who claim to "use the internet" or "send or receive email" (and, in 2012, those who "access the internet on a cell phone, tablet or other mobile handheld device") at least occasionally whether they (2012 wording) "Use a social networking site like Facebook, LinkedIn or Google Plus." A separate question regarding Twitter use was asked in 2011 and 2012, but we exclude it from our analysis. For all surveys, we treat refusals or "Don't know" responses to the social network or all of its prerequisite questions as missing observations, and we use the included survey weights. 6 See VCF0101 with 2012 wording: "What is the month, day and year of your birth?" This value is then converted into an age and top-coded by ANES. The top-coding varies across years, but is at least 90 and thus does not impact our age group assignment. A few respondents are 17 years old at the time of the survey, but will be 18 at the time of the election, and are treated as 18-year-olds. Here is a 7-point scale on which the political views that people might hold are arranged from extremely liberal to extremely conservative. Where would you place yourself on this scale, or haven't you thought much about this?") respectively, and are shifted downwards by four in order to range from -3 to 3. For ideology, people who respond "Don't know" let R t := {i : P i > 1} and R L t := {i : P i > 0} denote the sets of Republicans excluding and including leaners respectively in time t. We define D t and D L t analogously. Likewise, we let C t = {i : B i > 0} and L t = {i : B i < 0} denote the set of conservatives and liberals, respectively.
In computing each polarization measure, we restrict the sample to respondents with valid, nonmissing responses (as defined by the ANES codebooks) to each of the relevant questions used in constructing the measures. We do not explicitly adjust our set notation to account for this restriction. Throughout, we let w i denote the ANES survey weights for respondent i. 8 We follow Iyengar et al. (2012) and Gentzkow (2016) 9 in using the ANES thermometer ratings of parties and ideologies to capture how peoples feelings towards those on the other side of the political spectrum have changed over time. 10 These two measures capture the difference in the "warmth" or "coldness" respondents feel toward those of their own and the opposite party or ideology.
where A R i and A D i denote individual i's feelings towards Republicans and Democrats, respectively, on a 0-100 scale, with higher values representing more favorable feelings.
or "Haven't though much about it" are treated as having a missing or non-valid response. 8 We use the type-0, face-to-face survey weights from variable VCF0009x. 9 See "Affective Distance" from tables A1 and A2 in the online appendix of Iyengar et al. (2012) and figure 9 in Gentzkow (2016) . 10 We use ANES thermometer questions that ask respondents to rate various groups from 0-100, where higher values indicate more favorable feelings and a value of 50 designates neutral feelings. The exact wording of the questions has changed over time. We use responses for the following groups: liberals (VCF0211), conservatives (VCF0212), Democrat party (VCF0218), and Republican party (VCF0224). Responses between 97 and 100 are top-coded at 97. The 2012 preface for these questions is as follows: "Please look at page [preload: prepg c] of the booklet. I'd like to get your feelings toward some of our political leaders and other people who are in the news these days. I'll read the name of a person and I'd like you to rate that person using something we call the feeling thermometer. Ratings between 50 degrees and 100 degrees mean that you feel favorable and warm toward the person. Ratings between 0 degrees and 50 degrees mean that you don't feel favorable toward the person and that you don't care too much for that person. You would rate the person at the 50 degree mark if you don't feel particularly warm or cold toward the person. If we come to a person whose name you don't recognize, you don't need to rate that person. Just tell me and we'll move on to the next one."
where A C i and A L i denote an individual i's feelings towards conservatives and liberals, respectively, on a 0-100 scale, with higher values representing more favorable feelings.
We use the measure developed by Mason (2015) , and also used by Davis and Dunaway (2016) , to capture the degree of partisan sorting. 11 Partisan sorting measures the extent to which partisan identity is correlated with self-reported ideology.
where
We follow Hetherington (2001) in examining the frequency with which individuals split their votes across parties in an election. 12
Definition. Straight-ticket M ST t is the survey-weighted proportion of respondents who report voting for the same party in both the presidential and House elections. 13 We use the measure proposed by Abramowitz and Saunders (2008) 14 to examine the similarity of ideological positions across issues by letting k i denote a conservative (1), moderate (0), or liberal (-1) response to k ∈ K, where K is a set of seven different questions. 15 11 See figure 1 in Mason (2015) . Details on the implementation are taken from Mason (2013) . 12 See figure 3 of Hetherington (2001) . 13 Data come from VCF0709, which aggregates responses from previous questions regarding whom the respondent voted for in the recent election. We could also define this measure using straight-ticket voting across Senate and presidential elections (VCF0710), but Senate elections are less frequent. 14 See Abramowtiz and Saunders (2008, 544) where they outline their 7-point measure of ideological polarization.
While Abramowitz and Saunders (2008) further collapse this 7-point scale to label individuals as low, moderate, or high and report the percentage of respondents with ideological consistent views in their table 1, we simply report the average of the 7-point measure. Footnote 2 in Abramowitz and Saunders (2008) suggests that "using a simple additive index consisting of the same items produces nearly identical results concerning the trend in polarization between 1984 and 2004." 15 The seven questions used are as follows: 7-point ideological position (VCF0803), aid to blacks (VCF0830's 2012 wording: "Some people feel that the government in Washington should make every effort to improve the social and economic position of blacks. Suppose these people are at one end of a scale, at point 1. Others feel that the government should not make any special effort to help blacks because they should help themselves. Suppose these people are at the other end, at point 7. And, of course, some other people have opinions somewhere in between, at points 2, 3, 4, 5, or 6. Where would you place yourself on this scale, or haven't you thought much about this?"), foreign defense spending (VCF0843's 2012 wording: "Some people believe that we should spend much less money for defense.... Others feel that defense spending should be greatly increased.. In a similar spirit to Abramowitz and Saunders (2008) , 16 we define issue divergence as the average correlation between these same seven questions and party affiliation for respondents who are not strictly independents.
where cor calculates Kendall's tau between the party indicator and the question coding. 17 Partisan-ideology polarization examines the extent which the self-reported ideological affiliation of Republicans and Democrats differ. For this, we follow a measure outlined in Abramowitz and Saunders (2008, 547) .
concern about the rapid rise in medical and hospital costs. Some people feel there should be a government insurance plan which would cover all medical and hospital expenses for everyone.... Others feel that all medical expenses should be paid by individuals through private insurance plans like Blue Cross or other company paid plans...."), government services and spending (VCF0839's 2012 wording: "Some people think the government should provide fewer services even in areas such as health and education in order to reduce spending.... Other people feel it is important for the government to provide many more services even if it means an increase in spending...."), and abortion legislation (VCF0838's 2012 wording: "There has been some discussion about abortion during recent years. Which one of the opinions on this page best agrees with your view? You can just tell me the number of the opinion you choose. 1. By law, abortion should never be permitted. 2. The law should permit abortion only in case of rape, incest, or when the woman's life is in danger. 3. The law should permit abortion for reasons other than rape, incest, or danger to the woman's life, but only after the need for the abortion has been clearly established. 4. By law, a woman should always be able to obtain an abortion as a matter of personal choice."). All questions are answered on a 7-point, liberal-to-conservative scale (except government services and spending whose scale is conservativeto-liberal of the same order and abortion legislation which has four available positions). Liberal positions (1-3) are coded as -1, moderate positions (4) and refusals ("Don't know" or "Haven't thought much about it") are coded as 0, and conservative positions (5-7) are coded as 1. For the abortion questions, we code conservative positions (1 and 2) as 1, moderate (3) and refusals ("Don't know" or "Haven't thought much about it") as 0, and liberal positions (4) as -1. 16 See table 3 in Abramowitz and Saunders (2008) , which uses a similar, but different, set of questions. For simplicity and consistency, we use the same set of questions for our issue consistency and issue divergence polarization measures. 17 Each correlation is computed for the set of respondents with valid, non-missing responses to both the party identification question P i and the given issue question k ∈ K.
Definition. Partisan-ideology polarization M PI t is
Following the description provided in Davis and Dunaway (2016, 283) , we also measure the extent to which individuals perceive there to be ideological differences between the Republican and Democrat parties. 18
Definition. Perceived partisan-ideology polarization M Perceived
whereR i andD i denote individual i's perception on how conservative the Republican or Democratic party is, respectively, on the 7-point liberal-to-conservative scale.
Finally, we construct a measure of religious polarization similar to Abramowitz and Saunders (2008). 19 Definition.
where CG t is the set of white respondents who go to church no less than almost every week and NC t is the set of white respondents who go to church no more than a few times a year. 20 Our overall index of polarization is then defined to be 18 We use questions VCF0503 and VCF0504, and we shift responses down by four. The wording for 2012 is as follows: "We hear a lot of talk these days about liberals and conservatives. Here is a seven-point scale on which the political views that people might hold are arranged from extremely liberal to extremely conservative... Where would you place the Republican party on this scale?" 19 See figure 5 of Abramowitz and Saunders (2008) , which uses "observant" and "non-observant," white respondents. 20 White individuals are those placed in the "White non-Hispanic" group of ANES summary question VCF0105b, which collapses various responses of an individuals race across questions to four categories: white non-Hispanic, black non-Hispanic, Hispanic, and other or multiple races non-Hispanic. Responses regarding church attendance are taken from question VCF0130 (2012 wording: "Lots of things come up that keep people from attending religious services even if they want to. Thinking about your life these days, do you ever attend religious services, apart from occasional weddings, baptisms or funerals?" and if "Yes", respondent is asked "Do you go to religious services every week, almost every week, once or twice a month, a few times a year, or never?"). Individuals with no religious preference (relevant for responses between 1970 and 1988 inclusive) are treated as if they never go to church. Individuals that attend church "once or twice a month" are excluded.
where M is the set of all nine polarization measures. We also compute this index for different groups of respondents. In these cases, we normalize the group level values based on the overall 1996 value m 1996 . 3 Trends in polarization by demographic group
By age
The top panel of figure 3 shows trends in our polarization index by age group. Table 1 provides additional quantitative detail and standard errors for inference. 21 Polarization for those aged 75+ grows by 0.38 index points between 1996 and 2012, and polarization for those aged 65+ grows by 0.32 index points over the same period. Polarization among those aged 18-39 increased by 0.05 index points between 1996 and 2012. Bootstrap standard errors show that we can separately reject, at the five percent level, the hypotheses that the increase for those aged 18-39 is equal to the increase for those aged 65+ and that the increase for those aged 18-39 is equal to the increase for those aged 75+. Table 1 and appendix figure 1 report corresponding values for each of the polarization measures. For every measure, except religious polarization, we see that the oldest age group experiences larger changes in polarization than the youngest age group. In four of the nine measures, young adults actually experience declines in polarization while the other age groups experience large increases. Furthermore, in four of the nine measures, we see a monotonically increasing relationship between age group and the growth in polarization.
In appendix figure 2, we show that these results are robust to using cohorts instead of age groups, restricting to males or females, restricting the sample to those who self-identify with a 21 We conduct inference using a nonparametric bootstrap with 100 replicates. We draw replicates from the full sample ∪ t S t and construct measures of polarization for each replicate following the procedure in section 2.
party, and restricting the sample to those who self-identify as being "very much interested" in the upcoming election. 22 In appendix figure 3, we show that the trends between the 18-39 and 65+
age groups track fairly closely across the entire 1972-2012 time period.
By predicted and actual internet access
The second panel of figure 3 shows trends in polarization according to a broad index of predicted internet use. We suppose that
where β is a vector of parameters and X i is a vector of demographic characteristics including indicators for age group, gender, race, education, and whether an individual lives in the political South. We estimate (1) on the sample S 1996 using weighted least squares with weights w i . 23 We then compute predicted internet use internet i for all respondents. The panel plots the polarization index for respondents in the first and fourth quantiles of internet i for each respective survey year. 24
The group with the greater likelihood of having access to the internet experienced slower growth in polarization between 1996 and 2012.
The third panel of figure 3 shows trends in polarization by actual internet access. 25 The set of respondents with internet access have greater polarization in 2012 than those without internet access. However, the trends are parallel between the two groups between 1996 and 2012.
Conclusion
Our findings are difficult to square with a straightforward account linking the recent rise of polarization to the internet. This is especially true for accounts in which social media plays a central role. Unless cross-group spillovers are very large or the effects of digital media vary greatly across groups, some other forces must explain the large increase in polarization among the groups least likely to use the internet. None of this is to say that the rise of digital technologies is not important. 22 In fact, among those who self-identify as interested in the election, we see even stronger disparities across age groups, as the 18-39 age group starts out with a value of around 1.5 in 1996 and drops to less than 1.2 in 2012, while the 65+ age group grows from a value around 1 to a value of over 1.2. 23 Coefficient estimates and variable definitions are reported in appendix table 1. 24 Appendix figure 1 shows analogous plots for the individual polarization measures. 25 Appendix figure 1 shows analogous plots for the individual polarization measures.
They may well account for some recent polarization, and whatever role they may have played in the past is likely to grow in coming years. Notes: Each of the nine small plots shows the trend in a given polarization measure across time. The large plot shows the trend in the index, which is computed as the average across all polarization measures available in a given year after normalizing each measure to have a value of one in 1996. The shaded regions are 95 percent confidence intervals constructed using a nonparametric bootstrap with 100 replicates. See section 2 for definitions. 
Internet No internet
Notes: Each plot shows the polarization index broken out for different demographic groups. The top plot shows the index by age group. The middle plot shows the index by quartile of predicted internet access. The bottom quartile includes values that are at or below the 25th percentile, while the top quartile includes values greater than the 75th percentile. The bottom plot shows the index by internet access. For a given measure and group, the polarization value is normalized by the 1996 value of the polarization measure in the full sample. The index is then the average of these normalized polarization measures for each group. See section 2 for definitions and section 3 for construction of predicted internet access. Table shows the change in each measure, and in the index, from 1996 to 2012. The "Overall" column includes all ages. Columns "18-39," "40-64," "65+," and "75+" re-calculate the measures for each age group. The last two columns show the difference in growth between the two age groups. Standard errors are in parentheses and are constructed using a nonparametric bootstrap with 100 replicates. See section 2 for definitions.
